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(57) ABSTRACT

A method of manufacturing a capacitor having an MIM
structure 1ncludes forming a dielectric by laminating a
plurality of times on an upper surface of a lower electrode,
and forming an upper electrode on an upper surface of the
dielectric. The forming of the dielectric includes forming a
first dielectric layer on the upper surface of the lower
clectrode, cleaning an upper surface of the first dielectric
layer by at least one of jet cleaning and dual fluid cleaning,

and forming a second dielectric layer on the cleaned upper
surface of the first dielectric layer.
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METHOD OF MANUFACTURING
CAPACITOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2018-093539,
filed on 15 May 2018, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD

An aspect of the disclosure relates to a method of manu-
facturing a capacitor having an MIM structure.

BACKGROUND

A metal msulator metal (MIM) type capacitor has a lower
clectrode, a dielectric and an upper electrode. The lower
clectrode, the dielectric and the upper electrode are lami-
nated in that order. A MIM type capacitor i1s used in
semiconductor integrated circuits and the like. The manu-
facturing process of a MIM type capacitor includes a step of
forming the dielectric on an upper surface of the lower
clectrode, and a step of forming the upper electrode on an
upper surface of the dielectric. Furthermore, the manufac-
turing process of the capacitor includes a cleaning step. The
cleaning step 1s performed at a pomnt 1n time at which
cleaning 1s required.

Japanese Unexamined Patent Publication No. 2001-
210787 discloses a method of manufacturing an MIM type
capacitance circuit. First, a lower electrode 1s formed. For
the formation of the lower electrode, a metal which 1s not
casily oxidized by sulfuric acid such as TiN 1s used. Next, a
surface of the lower electrode 1s cleaned. A solution con-
taining sulfuric acid 1s used for cleanming. Thereafter, a
capacitive film 1s laminated on a surtace of the cleaned lower
clectrode. As a result of cleaning the surface of the lower
clectrode, organic substances and oxides are removed from
the surface of the lower electrode. As a result, leakage
current caused by the organic substances and the oxides 1s
prevented.

Japanese Unexamined Patent Publication No. 2006-
086155 discloses a method of manufacturing a semiconduc-
tor device having a MIM type capacitor. First, the MIM type
capacitor 1s integrated with a first insulating film of a
semiconductor substrate. Further, an upper wiring of a
lead-out wiring 1s mtegrated with the first insulating film of
the semiconductor substrate. The MIM type capacitor
includes an upper electrode, a capacitive insulating film and
a lower electrode. Next, the first insulating film 1n a region
in which the MIM type capacitor 1s formed 1s removed to
such a depth that the capacitive insulating film 1s not
exposed. Dry etching 1s used to remove the first insulating
film. Next, the capacitive msulating film 1s removed. Wet
ctching 1s used to remove the capacitive insulating film. In
the step of removing the capacitive msulating film, a pho-
toresist 1s not deposited on the capacitive insulating film. As
a result, the capacitive msulating film 1s not 1rradiated with
oxygen plasma used for ashing. Therelfore, 1t 1s possible to
prevent dielectric breakdown and contamination of the
capacitive msulating film due to a decrease 1n tlatness of the
capacitive msulating film.
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2

Japanese Unexamined Patent Publication No. 2014-
072359 discloses a substrate processing apparatus. The
apparatus cleans a waler using dual fluid cleaning 1 a
semiconductor process.

SUMMARY

The disclosure describes a method of manufacturing a
capacitor having a MIM structure 1n which a lower elec-
trode, a dielectric, and an upper electrode are laminated. The
method of manufacturing a capacitor includes forming the
dielectric by laminating it a plurality of times on an upper
surface of the lower electrode, and forming the upper
clectrode on an upper surface of the dielectric. The dielectric
includes a first dielectric layer which 1s formed on an upper
surface of the lower electrode, and a second dielectric layer
which 1s formed on an upper surface of the first dielectric
layer and 1s in contact with the upper electrode. In the
forming of the dielectric, at least one first dielectric layer 1s
formed on the upper surface of the lower electrode, an upper
surface of the first dielectric layer 1s cleaned by at least one
of jet cleaning and dual fluid cleaning, and the second
dielectric layer 1s formed on an upper surface of the cleaned
first dielectric layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view showing a structure of a capacitor
obtained by a method of manufacturing a capacitor accord-
ing to the disclosure.

FIG. 2 1s a process view showing main steps 1n the method
of manufacturing a capacitor of the disclosure.

FIGS. 3A, 3B and 3C are views for explaining the main
steps 1n the method of manufacturing a capacitor according,
to the disclosure.

FIGS. 4A, 4B and 4C are views for explaining the main
steps 1n the method of manufacturing a capacitor according,
to the disclosure.

FIGS. SA and 5B are views showing a structure of a
capacitor according to a comparative example obtained by a
method of manufacturing a capacitor according to the com-
parative example.

FIGS. 6A, 6B, 6C, 6D and 6E are views for explaining
main steps in the method of manufacturing the capacitor
according to the comparative example.

FIGS. 7A and 7B are views for explaining the main steps
in the method of manufacturing the capacitor according to
the comparative example.

DETAILED DESCRIPTION

Problems to be Solved by the Disclosure

In a process of manufacturing an MIM capacitor, fine
foreign substances (particles) may be attached to a surface of
a dielectric during formation of the dielectric. The formation
of the dielectric 1s hindered 1n a portion to which the foreign
substances are attached. As a result, the dielectric may
include a defect portion in which a thickness thereof is
locally thin. An electrode distance from the lower electrode
to the upper electrode in the portion including the defect
portion 1s narrower than an electrode distance 1n a portion
not including the defect portion.

An electric field strength increases as the electrode dis-
tance narrows. A dielectric breakdown voltage decreases as
the electric field strength increases. A lifetime (TDDB
lifetime) due to time dependent dielectric breakdown
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(TDDB) of the dielectric decreases as the electric field
strength increases. The reliability of a capacitor 1s reduced

due to a decrease 1n the dielectric breakdown voltage and a
decrease 1n the TDDB lifetime. A thickness of the dielectric

in the defect portion cannot be controlled. That 1s, the
clectrode distance of the defect portion cannot also be
controlled. Therefore, a range 1n which the dielectric break-
down voltage decreases and a range in which the TDDB
lifetime decreases cannot be controlled either. As a result,
variation in the reliability of the capacitor becomes large.

Advantageous Effects of the Disclosure

The method of manufacturing a capacitor according to the
disclosure can reduce the variation 1n the reliability of the
capacitor.

DESCRIPTION OF EMBODIMENTS OF THE
DISCLOSURE

The disclosure describes a method of manufacturing a
capacitor having an MIM structure 1n which a lower elec-
trode, a dielectric, and an upper electrode are laminated. The
method of manufacturing a capacitor includes a step of
forming a dielectric on an upper surface of the lower
clectrode by laminating 1t a plurality of times, and a step of
forming the upper electrode on an upper surface of the
dielectric. The dielectric includes a first dielectric layer
formed on the upper surface of the lower electrode, and a
second dielectric layer formed on an upper surface of the
first dielectric layer and 1s 1n contact with the upper elec-
trode. In the step of forming the dielectric, at least one first
dielectric layer 1s formed on the upper surface of the lower
clectrode, the upper surface of the first dielectric layer is
cleaned by at least one of jet cleaning and dual fluid
cleaning, and the second dielectric layer 1s formed on the
upper surface of the cleaned first dielectric layer.

In this manufacturing method, the formation of the dielec-
tric 1s performed 1n a plurality of laminating steps. The upper
surface of the first dielectric layer 1s cleaned by at least one
of the jet cleaning and the dual fluid cleaming. By this
cleaning, particles attached to the first dielectric layer during
the laminating can be removed. After cleaning, the second
dielectric layer 1s further formed. Therefore, even when a
thickness of the first dielectric layer i1s reduced due to
particles attached during the laminating of the first dielectric
layer, a thickness of the dielectric 1s compensated by the
second dielectric layer formed after removal of the particles.
Thus, the dielectric including the first dielectric layer and the
second dielectric layer can ensure the desired electrode
distance. As a result, the vanation 1n the reliability of the
capacitor can be reduced.

In one form, the upper surface of the second dielectric
layer may be cleaned by at least one of a immersion cleaning
method and a shower cleaning method prior to the step of
forming the upper electrode. According to this process,
damage to the second dielectric layer can be suitably sup-
pressed. Furthermore, the variation in the reliability of the
capacitor can be reduced.

In one form, the step of forming the upper electrode may
be performed without cleaning the upper surface of the
second dielectric layer. According to this process, damage to
the second dielectric layer can be further suppressed.

In one form, a minimum value of the thickness of the first
dielectric layer may be at least 50 nm. Also by this process,
the variation 1n the reliability of the capacitor can be suitably
reduced.
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Hereinafter, a method of manufacturing a capacitor
according to the disclosure will be described 1n detail with
reference to the drawings. In addition, the method of manu-
facturing a capacitor according to the disclosure 1s not
limited to these examples. The method of manufacturing a
capacitor according to the disclosure 1s shown by the claims
and 1s 1intended to include all modifications within the scope
and meaning equivalent to the claims. Further, the same or
corresponding parts in the drawings are denoted by the same
reference numerals. Additionally, redundant description will
be omitted.

FIG. 1 shows a capacitor 1. The capacitor 1 1s manufac-
tured by a method of manufacturing a capacitor according to
the disclosure. The capacitor 1 has a so-called MIM struc-
ture. The capacitor 1 includes a substrate 10, a lower
clectrode 20 as a metal layer, a first dielectric layer 31 as an
insulating layer, a second dielectric layer 32 as an msulating
layer, and an upper electrode 40 as a metal layer. A thickness
of the first dielectric layer 31 1s a first target thickness T31.
A thickness of the second dielectric layer 32 1s a second
target thickness 132. The first dielectric layer 31 and the
second dielectric layer 32 constitute a dielectric 30. The
dielectric 30 has defect portions F31 and F32. A thickness
D31a of the dielectric 30 of the defect portion F31 1s a sum
(D31a=T131a+132) of a thickness T31a of the first dielectric
layer 31 and the second target thickness T32 of the second
dielectric layer 32. A thickness D32a of the dielectric 30 of
the defect portion F32 1s a sum (D32a=T131+T132a) of the
first target thickness 131 and a thickness T32a of the second
dielectric layer 32.

The method of manufacturing a capacitor according to the
disclosure includes forming the first dielectric layer 31 on an
upper surface of the lower electrode 20. The thickness of the
first dielectric layer 31 1s the first target thickness T31. Next,
the second dielectric layer 32 1s formed on the upper surface
of the first dielectric layer 31. The thickness of the second
dielectric layer 32 1s the second target thickness 132. There-
after, the upper electrode 40 1s formed on an upper surface
of the second dielectric layer 32.

Hereinatter, the method of manufacturing a capacitor
shown 1n a process view of FIG. 2 will be described.

First, the substrate 10 1s prepared (Step S11). The sub-
strate 10 1s formed of, for example, silicon carbide (Si1C),
silicon (S1), gallium arsenide (GaAs), galllum nitride (GaN)
or the like. Next, the lower electrode 20 1s formed on an
upper surface of the substrate 10 (Step S12). The lower
clectrode 20 1s, for example, gold (Au) having a thickness of
200 nm. The lower electrode 20 may be a multilayer film of
T1/Au. A sputtering method may be used to form the lower
clectrode 20.

Next, the dielectric 30 1s formed (Step S13). First, the first
dielectric layer 31 1s formed on an upper surface of the lower
clectrode 20 (Step S13a). The thickness of the first dielectric
layer 31 1s the first target thickness T31. The thickness (the
first target thickness T31) of the first dielectric layer 31 that
1s formed first 1s, for example, 100 nm. In Step S13, a layer
of silicon mitride (Si1N) 1s formed. For example, a plasma
CVD (p-CVD) method may be used in Step S13.

When the first dielectric layer 31 1s formed to have a
thickness T31a (131>T131a), 1t 1s assumed that particles P31
are attached to the first dielectric layer 31 which 1s being
formed (refer to FIG. 3A). The thickness T31a 1s, for
example, 50 nm. The step of forming the first dielectric layer
31 1s performed to the first target thickness 131 (100 nm).
However, when the step 1s further performed 1n a state 1n
which the particles P31 are attached, the formation of the
first dielectric layer 31 1s hindered 1n a portion to which the
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particles P31 are attached (refer to FIG. 3B). As a result,
upon the completion of Step S13a, the thickness of the first
dielectric layer 31 in the portion to which the particles P31
are attached may be smaller than the first target thickness
131. That 1s, the thickness of the first dielectric layer 31 1n
the portion to which the particles P31 are attached 1s thinner

than the first target thickness T31.

After the first dielectric layer 31 1s formed, a first cleaning
process 1s performed (Step S135). As shown 1n FIG. 3C, the
particles P31 are removed 1n the first cleaning process. In the
cleaning process for the first dielectric layer 31, one of a jet
cleaning method and a dual fluid cleaning method 1s used.
The jet cleaning method and the dual fluid cleaning method
have high performance for removing the particles P31.
Therefore, according to these cleaning processes, the par-
ticles P31 attached to the first dielectric layer 31 can be more
reliably removed. More preferably, 1in the cleaning process
for the first dielectric layer 31, the dual fluid cleaning
method may be used. The dual fluid cleaning method has
higher performance for removing the particles P31. Further-
more, the dual fluid cleaning method 1s less likely to cause
damage to an object being cleaned. As a result of removing
the particles P31 1n Step S135, the defect portion F31 which
1s locally thin 1s exposed.

Subsequently, the second dielectric layer 32 1s formed on
an upper surface of the first dielectric layer 31 (Step S13c¢).
In Step S13c¢, a layer of SiN 1s formed on the upper surface
of the first dielectric layer 31. In Step S13c¢, a p-CVD
method may be used. In Step S13¢, the second dielectric
layer 32 1s formed to the second target thickness 1T32. The
second target thickness 132 1s, for example, 100 nm.

Here, when the second dielectric layer 32 1s formed to
have a thickness 132a, 1t 1s assumed that new particles P32
are attached (refer to FIG. 4A) A position in which the
particles P32 are attached 1s diferent from that of the
particles P31. The thickness 132a 1s, for example, 50 nm. As
a result, a thin portion 1s generated 1n the second dielectric
layer 32.

After the second dielectric layer 32 1s formed, a second
cleaning process 1s performed (Step S13d). The particles
P32 are removed by performing the second cleaning process
(refer to FIG. 4B). In the cleaning process for the second
dielectric layer 32, a cleaning method 1n which a large
impact force 1s generated when a cleaning medium collides
with the particles P32 may be used. However, when this
cleaning method is used, there 1s a possibility that the first
dielectric layer 31 under the second dielectric layer 32 may
be damaged. For example, when the particles P 32 are
detached, the second dielectric layer 32 may also be sepa-
rated. That 1s, a cleaning method which may damage a
surface of the second dielectric layer 32 1s not preferable.
Therefore, 1 the cleaning process for the second dielectric
layer 32, a cleaning method 1n which damage to the object
to be cleaned does not easily occur 1s used. An immersion
cleaning method and a shower cleaning method may be used
as the cleaning method in which damage to the object to be
cleaned does not easily occur.

As shown 1n FIG. 4C, the upper electrode 40 1s formed on
an upper surface of the second dielectric layer 32 (Step S14).
For example, a layer of gold (Au) having a thickness of 200
nm 1s formed 1 Step S14. A vapor deposition method may
be used 1n Step S14. As a result of performing the above
Steps S11 to S14, the capacitor 1 1s obtained.

Hereinafter, a subject of a method of manufacturing a
capacitor 100 according to a comparative example will be
described in detail.
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FIG. 5A 1s a plan view of the capacitor 100 according to
a comparative example. FIG. 5B 1s a cross-sectional view of
the capacitor 100 along line VI-VI of FIG. SA. The capacitor
100 has a lower electrode 120, a dielectric 130, and an upper
clectrode 140. The layers are laminated in that order. The
lower electrode 120 1s formed on an upper surface of the
substrate 110. The dielectric 130 1s formed on an upper
surface of the lower electrode 120. The upper electrode 140
1s formed on an upper surface of the dielectric 130.

The substrate 110 1s, for example, silicon carbide (Si1C).
The lower electrode 120 1s, for example, gold (Au) having
a thickness of 200 nm. The lower electrode 120 1s formed,
for example, by a sputtering method. The dielectric 130 1s,
for example, silicon nitride (S1N) having a thickness of 200
nm. The dielectric 130 1s formed by, for example, a chemical
vapor deposition (CVD) method. The upper electrode 140 1s,
for example, gold (Au) having a thickness of 200 nm. The
upper electrode 140 1s formed by, for example, a vapor
deposition method. The capacitor 100 of the comparative

example includes a defect portion F130. In the defect portion

F130, a thickness of the dielectric 130 1s locally thin. A
thickness 1D130a of the dielectric 130 at the defect portion
F130 1s thinner than a thickness D130 of the dielectric 130
in a non-defective region.

The capacitor 100 shown 1n FIGS. 5A and 3B 1s formed
by the following manufacturing method shown as a com-
parative example.

First, the substrate 110 1s prepared (refer to FIG. 6A).
Next, the lower electrode 120 1s formed on an upper surtace
of the substrate 110. Next, the dielectric 130 1s formed on an
upper surface of the lower electrode 120. The thickness of
the dielectric 130 1s a thickness T130a. The thickness T130a
1s, for example, 100 nm. The thickness T130a 1s 2 of the
thickness D130.

As shown 1 FIG. 6B, it 1s assumed that particles P130
have been attached to the dielectric 130 1n this step. The
cause ol generation of the particles P130 1s, for example,
dust from a main body of a CVD apparatus, separation of a
product adhering to the inside of a reaction container of the
CVD apparatus, and so on. When the CVD apparatus 1s
appropriately managed, a particle diameter of the generated
particles P130 1s, for example, about 0.1 um or more and 5
um or less. In addition, when the CVD apparatus 1s appro-
priately managed, a density of the particles P130 which are
attached during formation of the dielectric 130 1s, for
example, 2/cm” or less. A planar size of the MIM capacitor
1s generally 10 um or more and several mm or less. There-
fore, a defect density assumed from the density 1s extremely
small. However, when the particles P130 are attached, a
thickness of the dielectric 130 1n a portion to which the
particles P130 are attached becomes thinner (refer to FIG.
6C).

As shown 1n FIG. 6D, a cleaning process 1s performed
after the dielectric 130 1s formed. The particles P130 are
detached 1n the cleaning process. As a result, a defect portion
F130 1in which the thickness of the dielectric 130 is locally
thin 1s generated (refer to FIG. 6E).

The upper electrode 140 1s formed. As a result, the
capacitor 100 shown 1n FIGS. 5A and 5B 1s obtained.

As shown 1n FIG. 5B, the thickness D130a of the dielec-
tric 130 in the defect portion F130 1s thinner than the
thickness D130 of the dielectric 130 1n a region 1n which the
defect portion F130 1s not included. The thicknesses D130
and D130a correspond to an electrode distance from the
lower electrode 120 to the upper electrode 140. The thick-
ness D130q of the dielectric 130 1n the defect portion F130

depends on a timing at which the particles P130 are attached
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during the formation of the dielectric 130. However, the
timing at which the particles P130 are attached cannot be
controlled.

In other words, 1n the process of manufacturing the
capacitor 100, fine foreign substances (the particles P130) 5
may be attached during the formation of the dielectric 130.
Due to this attachment, the capacitor 100 includes the defect
portion F130. In the defect portion F130, the thickness
D130a of the dielectric 130 1s locally thin. In other words,
the thickness F130aq of the dielectric 130 in the defect 10
portion F130 1s thinner than the thickness D130 of the
dielectric 130 in the region in which the defect portion F130
1s not included. According to this configuration, an electric
field strength generated 1n the vicinity of the defect portion
F130 becomes high. As the electric field strength increases, 15
a dielectric breakdown voltage necessarily decreases. When
a high electric field strength 1s applied, a time to the
dielectric breakdown of the dielectric 130 at a relevant
position becomes short. In other words, time dependency
dielectric breakdown (TDDB) 1s reduced. As a result, the 20
reliability of the capacitor 100 1s reduced. The thickness
D130a of the dielectric 130 1n the defect portion F130
cannot be controlled erther. Therefore, 1t 1s not possible to
control generation of a region 1n which the dielectric break-
down voltage 1s reduced and a region 1 which a TDDB 25
lifetime 1s reduced.

Hereinatter, an efiect of the method of manufacturing the
capacitor according to the disclosure will be described 1n
detail. The method of manufacturing the capacitor according
to the disclosure has a first diflerence and a second differ- 30
ence 1 view of problems of the method of manufacturing
the capacitor according to the comparative example. The
first difference 1s that the dielectric thicknesses D31a and
D324 of the dielectric 30 1n the portion to which the particles
P31 and P32 are attached can be suppressed from becoming 35
locally thin. The term “locally thin™ refers to, for example,
the thickness of the dielectric 30 at which an electric field
strength greater than a threshold value 1s generated. The
second difference 1s that the dielectric thicknesses D31a and
D32a of the dielectric 30 1n the defect portions F31 and F32 40
can be controlled. As a result, even when the attachment of
the particles P31 and P32 occurs 1n an 1nitial stage of film
formation, desired dielectric thicknesses D31a and D32a
can be secured after removal of the particles P31 and P32.

It 1s practically impossible to completely suppress the gen- 45
eration of the particles P31 and P32. However, the problem
regarding the dielectric thicknesses D31a and D32a of the
dielectric 30 caused by the attachment of the particles P31
and P32 can be solved by the step of forming the first
dielectric layer 31 (Step S13a), the step of performing the 50
cleaning process on the first dielectric layer 31 (Step S135),
the step of forming the second dielectric layer 32 (Step
S13c¢), and the step of performing the cleaning process on
the second dielectric layer 32 (Step S13d).

That 1s, 1n the method of manufacturing a capacitor 55
according to the disclosure, the dielectric 30 formed on the
lower electrode 20 1s formed by being divided a plurality of
times (Steps S13a and S13c¢). Moreover, the method of
manufacturing a capacitor includes performing the cleaning
for the purpose of the removal of the particles P31. Further- 60
more, 1n the method of manufacturing a capacitor, the
cleaning process (Step S135) performed on the first dielec-
tric layer 31 formed first and the cleanming process (Step
S13d) performed on the second dielectric layer 32 in the
subsequent stage are different from each other. 65

In summary, 1 the method of manufacturing a capacitor
according to the disclosure, the dielectric 30 1s formed by
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laminating it a plurality of times (Steps S13a and S13c¢).
Additionally, the upper surtace of the first dielectric layer 31
1s cleaned by at least one of jet cleaning and dual fluid
cleaning (Step S13b). According to this cleaning, it is
possible to remove the particles P31 attached to the first
dielectric layer 31 during the laminating. The second dielec-
tric layer 32 1s formed aiter the cleaming. Therefore, even
when the thickness of the first dielectric layer 31 1s reduced
due to the particles P31 attached to the surface during the
laminating of the first dielectric layer 31, the thickness of the
dielectric 30 1s compensated by the second dielectric layer
32 formed after the removal of the particles P31. Therefore,
a desired electrode distance can be ensured in the dielectric
30 including the first dielectric layer 31 and the second
dielectric layer 32. As a result, the variation 1n the rehiability
of the capacitor 1 can be reduced.

As a comparative example, as shown 1n FIG. 7A, 1t 1s

assumed that even when the cleaming process 1s performed
during the formation of the first dielectric layer 231, the
particles P233 cannot be removed. The particles P233 serve
as eaves, and the second dielectric layer 232 1s not formed
below the eaves (refer to FIG. 7B). That 1s, the formation of
the second dielectric layer 232 1s hindered in the region in
which the particles P233 are attached. Therefore, the dielec-
tric thickness of the dielectric 230 1n the region 1n which the
particles P233 are attached becomes thinner. As a result, the
dielectric thickness 1s equal to the thickness of the first
dielectric layer 231.
Therefore, the jet cleaning method and the dual fluid
cleaning method are adopted 1n the cleaning process of Step
S135. The cleaning process for the first dielectric layer 31
(the dielectric layer to be formed first) uses either the jet
cleaning method or the dual fluid cleaning method. The jet
cleaning method and the dual fluid cleaming method have
high performance for removing the particles. Therefore, the
particles P31 attached to the first dielectric layer 31 can be
more reliably removed. As a result of removing the particles
P31 of the first dielectric layer 31, 1t 1s possible to obtain an
ellect that the defect portion F31 of the first dielectric layer
31 1s compensated by the second dielectric layer 32.

In the cleaning process of Step S13d, either the immersion
cleaning method or the shower cleaning method 1s adopted.
That 1s, 1n the cleaning process for the second dielectric
layer 32 which 1s the uppermost layer, either the immersion
cleaning method or the shower cleaning method 1s used. The
immersion cleaning method and the shower cleaning method
are less likely to cause damage to the second dielectric layer
32. According to Step S13d, the particles P32 attached to the
second dielectric layer 32 can be removed. As a result, it 1s
possible to suppress occurrence of a defect which occurs in
the upper electrode 40 due to the particles P32.

In short, (1) a minmimum value of the thickness of the
plurality of dielectric layers formed at different timings 1s
equal to or greater than a predetermined thickness. The first
dielectric layer 31 for which this minimum thickness 1s set
1s not the uppermost layer. Here, the “uppermost layer” 1s a
layer 1n which the upper electrode 40 1s formed. That 1s, the
first dielectric layer 31 1s not the uppermost layer. Therelore,
the upper electrode 40 1s not formed on the first dielectric
layer 31. (2) The dielectric thickness D30 of the dielectric 30
1s a thickness which gives a predetermined capacitance
value per unit area. (3) One of jet cleaning and dual fluid
cleaning 1s used for the cleaning process of the layer which
1s not the uppermost layer. The layer which 1s not the
uppermost layer 1s the first dielectric layer 31. That 1s, either
jet cleaning or dual fluid cleaning 1s used for the cleaming
process of the first dielectric layer 31.
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The capacitor 1 1s obtained by the method of manufac-
turing a capacitor according to the disclosure. The defect
portion F31 of the first dielectric layer 31 1n the capacitor 1
1s compensated by the second dielectric layer 32 above the

first dielectric layer 31. Similarly, the defect portion F32 of >

the second dielectric layer 1s compensated by the first
dielectric layer 31. The first dielectric layer 31 1s formed
before the second dielectric layer 32. Therelore, an effect in
which the defect portion F32 of the second dielectric layer
32 i1s compensated by the first dielectric layer 31 can be
obtained.

The density of the particles and the particle size of the
particles are estimated. The probability of the particles being,
generated at the same place in each film formation 1s at most
about 107'%. In addition, the probability of the particles
being attached to the same place is at most about 10™"*. That
1s, the possibility of the particles being generated and/or
attached to the same place for each film formation can be
practically 1gnored. In other words, when the dielectric 30
has at least two layers and the two dielectric layers 31 and
32 are formed at different timings, the probability of the
particles being attached to the same place or places 1n which
at least a part thereof overlaps each other 1s at most about
107'2. In other words, it can be practically ignored.

The particles may be attached at the start of the first film
formation, and the film formation may not be performed at
all at the place to which the particles are attached. However,
a dielectric film having a predetermined film thickness or
more 1s formed at a portion to which the particles are
attached i1n the second film formation. Also, the particles
attached to the dielectric layer are removed by performing
the cleaning process on the dielectric layer. As a result, the
defect portion formed 1n the dielectric layer can be com-
pensated by one or more other dielectric layers formed on
the upper side thereof. Further, a minimum thickness of the
dielectric layer 1s set to, for example, 50 nm. According to
this setting, the electric field strength applied to the dielectric
30 can be set to be equal to or less than the maximum electric
field strength which does not lead to the dielectric break-
down.

The method of manufacturing a capacitor of the disclo-
sure 1s not limited to the content of the above disclosure.
Various modifications of the method of manufacturing a
capacitor of the disclosure are possible.

For example, the case in which the first target thickness
131 of the first dielectric layer 31 1s equal to the second
target thickness 132 of the second dielectric layer 32 has
been exemplified. A total thickness of the first target thick-
ness 131 and the second target thickness T32 1s determined
by a capacity per unit area determined from a dielectric
constant of the dielectric 30. That 1s, the first target thickness
131 may be different from the second target thickness 132.
For example, 1t 1s assumed that the total thickness 1s 200 nm.
In this case, the first target thickness 131 may be 50 nm, and
the second target thickness 132 may be 150 nm. That is, the
second target thickness T32 may be set to be larger than the
first target thickness T31.

In the above-described embodiment, the dielectric 30 1s
divided nto two laminating steps (Steps S13a and S13c¢).
However, the number of divisions (the number of laminating
steps) of the step of forming the dielectric 30 1s not limited
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to two. The number of laminating steps may be three. In
addition, the number of laminating steps may be three or
more.

The cleaning process of the uppermost second dielectric
layer 32 may be omitted. The upper electrode 40 1s formed
on the second dielectric layer 32. When the particles P31 are
attached to the second dielectric layer 32, the particles P32
are covered by the metallic portion of the upper electrode 40.
As a result, the particles P32 can be fixed to the second
dielectric layer 32 by the upper electrode 40.

What 1s claimed 1s:

1. A method of manufacturing a capacitor having an MIM
structure 1n which a lower electrode, a dielectric and an
upper clectrode are laminated, the method comprising:

forming the dielectric by laminating a plurality of times

on an upper surface of the lower electrode; and
forming the upper electrode on an upper surface of the
dielectric,
wherein the forming of the dielectric includes forming a
first dielectric layer having a first thickness on the
upper surface of the lower electrode, and forming a
second dielectric layer having a second thickness on an
upper surface of the first dielectric layer and in contact
with the upper electrode,
wherein, 1n the forming of the first dielectric layer, the
upper surface of the first dielectric layer develops a first
defect portion having a thickness less than the first
thickness, the upper surface of the first dielectric layer
being cleaned by a first cleaning method, and 1n the
forming of the second dielectric layer, an upper surface
of the second dielectric layer develops a second defect
portion having a thickness less than the second thick-
ness, the second dielectric layer being formed on the
cleaned upper surface of the first dielectric layver,

wherein an upper surface of the second dielectric layer 1s
cleaned by a second cleaning method before forming of
the upper electrode,
wherein, as compared to the first cleaning method, the
second cleaning method does not easily damage the
upper surface of the second dielectric layer, and

wherein, 1 plan view of the capacitor, the first defect
portion and the second defect portion are at different
locations.

2. The method according to claim 1, wherein the second
cleaning method 1s at least one of an immersion cleaning
method and a shower cleaning method.

3. The method according to claim 1, wherein the first
cleaning method 1s at least one of a jet cleaning method and
a dual flmd cleaning method.

4. The method according to claim 1, wherein the first
cleaning method generates a relatively higher impact force
on attached particles than does the second cleaning method.

5. The method according to claim 1, wherein the dielectric
1s formed to have a predetermined thickness, and when the
first thickness 1s represented by 131, the second thickness 1s
represented by 132, the thickness of the first defect portion
1s represented by T31a, and the thickness of the second
defect portion 1s represented by 132qa, the sum of T31+132q
1s not less than the predetermined thickness, and the sum of
131a+T132 15 not less than the predetermined thickness.
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